Kinetics and binding of the thymine-DNA mismatch glycosylase, Mig-Mth, with mismatch-containing DNA substrates.
We have examined the removal of thymine residues from T-G mismatches in DNA by the thymine-DNA mismatch glycosylase from Methanobacterium thermoautrophicum (Mig-Mth), within the context of the base excision repair (BER) pathway, to investigate why this glycosylase has such low activity in vitro. Using single-turnover kinetics and steady-state kinetics, we calculated the catalytic and product dissociation rate constants for Mig-Mth, and determined that Mig-Mth is inhibited by product apyrimidinic (AP) sites in DNA. Electrophoretic mobility shift assays (EMSA) provide evidence that the specificity of product binding is dependent upon the base opposite the AP site. The binding of Mig-Mth to DNA containing the non-cleavable substrate analogue difluorotoluene (F) was also analyzed to determine the effect of the opposite base on Mig-Mth binding specificity for substrate-like duplex DNA. The results of these experiments support the idea that opposite strand interactions play roles in determining substrate specificity. Endonuclease IV, which cleaves AP sites in the next step of the BER pathway, was used to analyze the effect of product removal on the overall rate of thymine hydrolysis by Mig-Mth. Our results support the hypothesis that endonuclease IV increases the apparent activity of Mig-Mth significantly under steady-state conditions by preventing reassociation of enzyme to product.